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Executive Summary 

Health hazards are inherent in all U.S. Army materiel systems. If ignored, how- 
ever, these hazards can cause serious injuries and illnesses to military and civilian 
operators throughout the life of the system. The medical costs for treating those 
injuries and illnesses can pose significant financial burdens to the Army and 
Veterans Affairs health care systems. For example, implementation of recom- 
mendations to control health hazards for an armored fighting vehicle evaluated by 
the U.S. Army Center for Health Promotion and Preventive Medicine 
(USACHPPM) will result in the Army avoiding potential medical and lost time 
costs of approximately $345 million over the life of the system. 

For these reasons, Army health hazard assessment reports identify potential haz- 
ards in materiel systems and recommend methods for eliminating or controlling 
the hazards, based on a calculated risk assessment code. The reports do not pro- 
vide the medical costs for injuries or illnesses that will result from the hazards— 
information that is necessary for materiel program managers to understand the 
hazards associated with their systems and to make informed decisions about 
corrective actions. 

We developed a model that estimates medical costs for health hazards based on 
the risk assessment codes. Quantifying the costs of health hazards improves the 
understanding of a stated health risk and assists managers in making risk man- 
agement decisions. Armed with medical costs for unabated health hazards, health 
hazard assessors and materiel system managers can better justify implementation 
of recommendations to eliminate or control those health hazards. Our model also 
provides invaluable information to health care system practitioners and other 
preventive medicine personnel. 

We recommend the following: 

♦   The Health Hazard Assessment Office of USACHPPM should adopt the 
model to estimate medical costs for unabated health hazards and incorpo- 
rate these costs into their health hazard assessment report recommenda- 
tions. 

Preceding Page Blank 
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♦ The Army materiel program managers should use the results of the model 
to prioritize and abate health hazards associated with their systems. 

♦ The Army preventive medicine community and the USACHPPM should 
adopt the model for use in all prevention-related programs to estimate the 
medical costs potentially avoided by individual mission program recom- 
mendations. 

♦ The Army preventive medicine community and the USACHPPM should 
use the model component outputs as performance metrics for assessing 
preventive medicine programs and preventive medicine products. 

♦ The USACHPPM should invest in improving the model by 

incrementally improving the model component variables, >- 

> 

> 

> 

incorporating new model components for pollution prevention and 
health hazard assessment, 

improving the source data used in the model, and 

developing appropriate variables to estimate hazard-specific costs. 

These actions—adopting the model, including the results in health hazard assess- 
ment reports, and using the results for abatement prioritization—will better enable 
the Army to eliminate or control materiel health hazards and control life-cycle 
costs. Furthermore, applying the model to other areas of preventive medicine will 
provide invaluable quantitative cost savings and cost avoidance information to 
Army decision-makers. 
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Preface 

It seems intuitive that health hazard intervention and prevention activities must 
significantly ease the burden on the health care system by reducing deaths, dis- 
abilities, lost time away from the work site, hospitalization, clinical medical costs, 
injuries and illnesses, and rehabilitation. For years, however, the preventive 
medicine community has needed a way to estimate the actual costs avoided. 
Without such a tool, one could expect significant medical costs to arise from 
flawed planning or from a shortage of useful information available to decision- 
makers. 

The model described in this report—which quantifies the costs that prevention 
avoids—was developed specifically to assist the U.S. Army estimate materiel 
system health hazard costs based on the probability of a hazard occurring and the 
severity of that hazard. We linked industry risk levels to system risk levels. We 
linked health hazard categories with potential medical outcomes and then used 
this information to determine incidence, distribution, and other rates for injury, 
lost time, hospitalization, disability, etc. The result is a model that quantifies 
health hazard costs. This provides a better understanding of a stated health risk 
and the likely monetary impact if no preventive or corrective actions occur. 

We present the model's components and their outputs as a starting point. Other 
health care practitioners may know of additional components to incorporate into 
the model, and improving the source data will increase the model's accuracy. 
(We maintain the detailed data used in determining the variables described in this 
report in our organizational files and will provide these data under separate cover.) 

Yet the model, while not perfect or complete, is nevertheless applicable to other 
preventive medicine areas. The preventive medicine community should not wait 
for the development of a perfect or complete model. Given the current political 
and cost-constrained environment, it is critical to begin quantifying health hazard 
costs now. 

preceding Pa9e 
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Chapter 1 

Introduction 

THE NEED FOR ESTIMATING COSTS 

Health hazards are inherent in all U.S. Army materiel. If ignored, these hazards 
can cause serious injuries and illnesses throughout a materiel system's life cycle. 
The costs for treating such injuries and illnesses pose a significant financial bur- 
den to military health care systems, and the resulting lost time degrades produc- 
tivity and unit readiness. 

For these reasons, health hazard personnel conduct assessments of new or im- 
proved materiel. The assessments currently evaluate 

♦ the types of hazards that exist, 

♦ the injuries or illnesses likely to result from the hazards, 

♦ the level of risk for each hazard, and 

♦ the corrective actions needed to eliminate or abate the hazard. 

They report this information to the materiel program managers, who are responsi- 
ble for the development and life-cycle management of the materiel system. 

These assessments, however, do not currently report the medical costs for injuries 
and illnesses that will result from the hazards. Without this cost information, 
materiel program managers may not fully understand the importance of then- 
system's health hazards and cannot make informed tradeoff decisions about cor- 
rective actions. 

In this report, we present a model for use by health hazard assessment personnel 
to estimate the medical costs of such hazards to system operators. The model 
estimates costs in a materiel system's operations and support phase. It does not 
provide cost estimates for hazards in the other phases of the life cycle of the sys- 
tem, estimate the costs of corrective actions, or address pollution prevention 
issues. 

ARMY MATERIEL HEALTH HAZARDS 

Figure 1-1 depicts common health hazards of Army materiel. Health hazard 
assessments use these categories, which are described in Army Regulation 40-10, 
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Health Hazard Assessment Program in Support of the Army Materiel Acquisition 
Decision Process. [1] 

Figure 1-1. Common Health Hazards Encountered with Army Materiel 

Chemical substances 

Temperature extremes 

Oxygen deficiency 

Trauma 

Acoustical energy 

Radiation energy 

Vibration 

Biological substances 

Shock 

That regulation gives the following further descriptions of the nine hazard catego- 
ries: 

♦ Chemical substances. Chemical substances become a concern when their 
concentration level exceeds acceptable limits and adverse health effects 
occur. In military systems combustion products are good examples of 
complex chemical substances that produce adverse health effects. Expo- 
sure to many chemical substances can cause illness, injury, and degrada- 
tion of soldier performance. 

♦ Acoustical energy. The hazards acoustical energy presents include con- 
tinuous noise from engines and helicopter rotors, impulse noise from 
shoulder-fired weapons, and blast overpressure created from firing mor- 
tars, towed artillery (free-field energy wave), and heavy weapons on crew- 
served vehicles (complex energy wave). Exposure to these hazards can 
lead to hearing loss, lung injury, and performance degradation. 

♦ Temperature extremes. These hazards include the human health effects 
associated with high or low temperatures that can become worse by using 
a materiel system. Exposure to these hazards can cause climatic injuries to 
include heat and cold stress. The hazards can lead to injury, illness, and 
performance degradation. 
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Introduction 

♦ Radiation energy. These hazards include ionizing and nonionizing radia- 
tion. Ionizing radiation can cause ionization when interacting with living 
or inanimate matter. Ionizing radiation hazards include alpha and beta 
particles, gamma rays, x-rays, and neutrons. Nonionizing radiation refers 
to emissions from the electromagnetic spectrum that have insufficient 
energy to produce ionization of molecules. Nonionizing radiation hazards 
include ultraviolet, visible, and infrared light, and radio frequencies, 
including microwaves. Lasers emit amplified electromagnetic radiation 
within the nonionizing spectrum. These hazards can result in illness, 
injury, and performance degradation. 

♦ Oxygen deficiency. This hazard resulting from oxygen displacement in 
crew or confined spaces can result in shortness of breath and impaired 
coordination and judgment, with progression to unconsciousness and 
death. 

♦ Vibration (whole body and segmental vibration). These hazards result 
from contact between the human body and a mechanically oscillating sur- 
face. These hazards can result from riding in or driving vehicles, equip- 
ment, and aircraft, and operating some hand-operated tools. The hazards 
can cause musculoskeletal injury and cumulative trauma disorder, result- 
ing in performance degradation. 

♦ Trauma (blunt, sharp, or musculoskeletal). These hazards occur because 
of sharp or blunt object impact to the eyes or body surface, or 
because of musculoskeletal injury resulting from lifting heavy objects such 
as projectiles or ammunition boxes. These hazards can result in severe 
injury and degradation of performance. 

♦ Biological substances. These substances can result from lack of sanitation 
in ventilation systems, water, human waste disposal, food handling, and 
personal hygiene. The hazards include exposure to micro-organisms, 
toxins, and enzymes, and can result in illness and degradation of individ- 
ual and unit performance. 

♦ Shock hazards. These are a result of the delivery of a mechanical impulse 
or impact to an individual. This often results from individual contact with 
a medium that is accelerating or decelerating. Examples include the 
opening forces of a parachute harness and the forces delivered to the body 
as the result of weapon recoil. Shock hazards can result in severe injury 
and performance degradation. 

PERFORMING HEALTH HAZARD ASSESSMENTS 

The goal of the Army's health hazard assessment program is to identify, assess, 
and eliminate or control hazards such as those described above that are associated 
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with weapon systems, munitions, equipment, clothing, training devices, materiel 
systems, and information systems. 

The Assessment Program 

The Army performs health hazard assessments in all phases of the acquisition 
process (see Figure 1-2). Hazards eliminated or controlled early in the process 
will require less attention later in the life cycle. The two thicker arrows in Figure 
1-2 show the two critical phases for health hazard assessments within the acquisi- 
tion process. 

Figure 1-2. Addressing Health Hazards During the Acquisition Process 

PHASE 0 

Concept 
exploration and 

definition 

PHASE I 

Demonstration 
and 

validation 

Engineering and 
manufacturing 
development 

Production 
and 

deployment 

PHASE IV 

Operations 
and 

support 

Optimally, identification of health hazards occurs in phase 0, concept exploration 
and definition, however, that is not always possible. The goal is to resolve all 
health hazard issues during phase I, demonstration and validation, and before the 
end of phase II, engineering and manufacturing development. Early consideration 
of health hazard issues allows for a greater potential to influence design and proc- 
ess changes to prevent health hazards. This approach avoids program delays and 
costly modifications to the materiel or equipment already produced and/or fielded. 

In addition to supporting decisions on eliminating and/or reducing system hazards, 
Army health hazard assessment reports support the preparation of numerous 
acquisition-related documents and processes to include 

♦ manpower and personnel integration (MANPRINT) assessments, 

♦ system MANPRINT management plans, 

♦ test and evaluation master plans, 

♦ detailed test plan, 
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Introduction 

♦ market investigations, 

♦ safety releases, 

♦ system technical and training publications, 

♦ milestone decision reviews, 

♦ statements of work, 

♦ requests for proposals, 

♦ source selection evaluation boards, and 

♦ integrated concept and process teams. 

Quantifying Health Risk 

Risk per se is a probability statement. As explained below, however, the term 
"health risk" combines the probability of exposure to a hazard and the severity of 
the potential consequences. 

The Army assesses health risk with a risk assessment code (RAC) as illustrated in 
Table 1-1. The first step is to estimate the hazard severity (HS), the severity of the 
medical effects caused by exposure to a hazard. The next step is to estimate the 
hazard probability (HP), the probability of an operator being exposed to the haz- 
ard. The matrix cell where the values for hazard severity and hazard probability 
intersect shows the appropriate RAC. 

Table 1-1. Risk Assessment Code Matrix 

Severity 

Hazard probability 

A B C D E 

1 1 1 1 2 3 

II 1 1 2 3 4 

III 2 3 3 4 5 

IV 3 5 5 5 5 

The four hazard severity categories are 

♦ Category I—catastrophic, 

♦ Category II—critical, 
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♦ Category m—marginal, and 

♦ Category IV—negligible. 

The five hazard probability levels are 

♦ A—frequent, 

♦ B—probable, 

♦ C—occasional, 

♦ D—remote, and 

♦ E—improbable. 

The resulting RAC may range from 1 (very high health risk) to 5 (very low health 
risk). 

For example, a hazard of marginal severity (HS = EI) with an exposure assessed 
as probable (HP = B) has a moderate overall risk (RAC = 3). The Glossary ap- 
pended to this report defines the hazard severity and hazard probability categories, 
as well as other important terms. 

Because health hazard assessors all use the RAC matrix for determining health 
risk, our intent was to develop a cost model with a basis in the RAC. 

Although the severity categories and probability levels are the key drivers in the 
model and are derived from the RAC matrix, we could not use the severity and 
probability data in their descriptive form. We developed numerical values for the 
descriptive severity categories and probability levels for use in the model and 
validated them using practicing health hazard assessment experts from the U.S. 
Army Center for Health Promotion and Preventive Medicine (USACHPPM). 

REPORT ORGANIZATION 

This report presents our model for estimating the costs of Army materiel health 
hazards. Chapter 2 explains the basic model. In it we present our rationale for 
selecting the various cost components, how we foresee the model being used, and 
future efforts necessary to improve the model. Chapters 3 through 8 focus on the 
model's six separate components: 

♦ Clinic costs 

♦ Hospitalization costs 

♦ Lost time costs 
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Introduction 

♦ Disability costs 

♦ Rehabilitation costs 

♦ Death costs. 

We discuss the rationale and assumptions for each of the six components, the data 
sources used, and an analysis of the data, and we provide the basic equation for 
each element. Chapter 9 provides a summary for a multiple-hazard system, 
Chapter 10 addresses increasing the model's value, and Chapter 11 provides our 
recommendations. Appendices list references, provide a bibliography of relevant 
sources, and define terms used in this report. 

LIMITATIONS OF THE MODEL 

This version of the model provides an average medical cost for an average health 
hazard, rather than for a specific health hazard. This approach was more feasible 
initially, even though it results in the loss of the specific hazard costs relating to 
specific medical outcome categories. 

We do not include pollution prevention savings in the estimate of medical costs. 
We only consider potential dollar costs avoided for medical and lost time costs 
related to the illness or injury caused by exposure to the hazard. 

We do not subtract out hazard abatement implementation costs associated with the 
actual implementation of health hazard assessment recommendations. These 
costs depend on the type of recommendation made and the degree of reduction of 
the health hazard. Costs may include those for potential publication or labeling, 
protective equipment, production process changes, engineering design, operation 
and maintenance, retrofitting, and disposal. 

We believe that pollution prevention, hazard abatement, and other implementation 
costs are minimal compared to system procurement costs, when health hazard 
assessment recommendations are incorporated during system design. 
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Chapter 2 

The Basic Model for Estimating Medical Costs 

In this chapter we present an overview of the basic model for estimating the medi- 
cal costs of unabated health hazards in Army materiel. We discuss the model's 
six basic components, the rationale for each, the model's outputs and potential 
uses, and its common variables. 

The basic model can be expressed in equation form as follows: 

Hazard costs/year = clinic costs/year + hospitalization costs/year 
+ lost time costs/year + disability costs/year 
+ rehabilitation costs/year + death costs/year. 

This general equation estimates medical costs for each health hazard identified for 
a system. The total medical costs for a system equal the sum of the individual 
hazard costs times the number of years in the life span of the system. 

Figure 2-1 presents a diagram of the basic model showing the model's two com- 
mon variables and six components. The common variables describe the number 
of people exposed to the hazard and the hazard severity. The model generates 
outputs for each of the six cost components: clinic, hospitalization, lost time, 
disability, rehabilitation, and death. 

Figure 2-1. The Basic Model for Estimating Medical Costs for a Single Hazard 

Total medical costs 
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The total medical cost for the system is equal to the total costs potentially avoided 
if all health hazards are eliminated. If the health hazard recommendations are not 
implemented, the total medical cost equals the costs the Army could expect to 
incur due to injuries and illnesses resulting from exposure to these hazards. 

THE SIX COST COMPONENTS 

The six cost components estimate various types of medical costs associated with 
exposures to hazards that result in illness or injury. 

The following are brief descriptions of each component: 

♦ Clinic costs. Costs attributed to outpatient visits to a medical clinic or 
medical treatment facility by persons exposed to a hazard that resulted in 
illness or injury. [2] 

♦ Hospitalization costs. Costs attributed to inpatient hospital stays by per- 
sons exposed to a hazard that resulted in illness or injury. [3,4] 

♦ Lost time costs. Costs attributed to time away from the job by persons ex- 
posed to a hazard that resulted in illness or injury. [5] 

♦ Disability costs. Costs attributed to active-duty temporary and permanent 
disability compensation and U.S. Department of Veterans Affairs (VA) 
disability compensation by persons exposed to a hazard that resulted in ill- 
ness or injury. [6,7,8] 

♦ Rehabilitation costs. Costs attributed to rehabilitation benefits received by 
eligible persons drawing VA disability compensation who were exposed to 
a hazard that resulted in illness or injury. [8,9] 

♦ Death costs. Costs attributed to payment of insurance proceeds and the 
cost of casualty assistance, honor guard, burial, family, and other ex- 
penses, as a result of the death of persons exposed to a hazard that resulted 
in illness or injury complications. 

RATIONALE FOR THE COMPONENTS 

We selected the six cost components of the model to measure the outcomes that 
could happen to operator personnel as a result of an injury or illness. Although 
there are many system scenarios, only six basic events can occur when a soldier 
becomes ill or injured: 

♦ Visit to a medical clinic for basic outpatient treatment, medication, and 
tests 
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The Basic Model for Estimating Medical Costs 

♦ Visit to a hospital for inpatient observation, emergency or definitive treat- 
ment, and more detailed tests 

♦ Loss of time away from the job due to clinic and hospital appointments, 
assignment to quarters, and inability to perform on the job as a result of 
illness or injury 

♦ Disability, either immediately while on active duty or after discharge or 
retirement at a later date 

♦ Rehabilitation because of disability 

♦ Death as a result of exposure severity or complications. 

We did not incorporate the costs to acquire and train personnel replacements for 
those persons who were injured or ill. We also did not incorporate performance 
degradation costs or the nonmonetary effect on readiness. These costs could be 
substantial. 

ASSUMPTIONS 

The two primary assumptions we made were that 

♦ we could establish the incidence rates—the rate of injury or illness in a 
group over a period of time—based on historical industry data, and 

♦ a medical assessor conducted the risk assessment properly. 

We developed incidence rates from comparable industry data, because not all the 
required data were available or accessible via military sources. The assignment of 
a RAC with its associated hazard probability and hazard severity is the critical 
element of communicating risk to weapon, materiel, and equipment managers. If 
this assessment is not performed correctly, the cost modeling process will break 
down. 

POTENTIAL USES OF THE MODEL 

The primary use for the model is to determine a total system medical cost (the 
sum of the six individual cost components). The materiel program manager can 
use this information to establish priorities for health hazard abatement prior to 
fielding a system and to assess the impact on readiness once it is fielded. 

Additionally, the model can estimate numerous other outputs as a result of expo- 
sure to a hazard resulting in illness or injury. Physicians, environmental engi- 
neers, environmental scientists, and other health care personnel can use these 
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outputs to assess the strengths and weaknesses of preventive health care. Selected 
component outputs of the model include estimates for the number of 

♦ clinic visits, 

♦ persons who are injured or ill, 

♦ persons who are hospitalized, 

♦ hospital days, 

♦ persons losing time on the job, 

♦ lost workdays, 

♦ persons who are disabled, 

♦ rehabilitation cases, and 

♦ deaths. 

Use of the Existing Outputs 

These outputs are useful for understanding the details of the medical cost expen- 
ditures caused by exposure to a health hazard. For example, some of the outputs 
may show a direct relation to military readiness. Injuries or illness resulting from 
exposure to the hazards associated with a system may result in extensive lost time 
on the job by affected soldiers. This statistic is critical from a military readiness 
perspective. Soldiers away from the job decrease the readiness of their units. 
Additionally, extensive lost time may require the unprogrammed acquisition and 
training of replacement personnel. 

Preventive Medicine Applications 

While we developed the model for estimating medical costs of health hazards 
associated with Army materiel, it can be used in other areas of preventive medi- 
cine. The model estimates total medical costs based on the determination of a 
health risk; if a health risk can be determined, then a medical cost estimate can be 
made. Health risk determination is an important measure in other areas of pre- 
ventive medicine. The following are just a few examples of how the model can be 
applied: 

♦ Industrial hygienists and occupational health personnel can use the model 
to estimate medical costs for hazards associated with industrial production 
line operations. 
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The Basic Model for Estimating Medical Costs 

♦ Environmental engineers and health risk assessors can use the model to 
estimate medical costs for hazards associated with the cleanup of hazard- 
ous waste sites. They can also use the model to assess other environ- 
mental health hazards from environmental pollution. 

♦ Preventive medicine physicians, environmental science officers, sanitary 
engineers, and community health nurses can use the model to estimate 
medical costs for environmental hazards found on the battlefield. 

Additionally, the selected outputs can be considered measures of effectiveness for 
prevention programs. The bottom line for all prevention programs should be the 
reduction of illnesses and injuries, hospitalization, lost time, disabilities, and 
deaths. 

COMMON VARIABLES 

The common variables are the number of persons exposed (Ne) and the hazard 
severity factor (Sk). Five of the six model components (all but death costs) use the 
variables to estimate costs. Figure 2-2 shows these variables as input into the 
basic cost model. The product of these values provides the basis for the magni- 
tude of the medical costs. The higher the product, the higher the expected medical 
costs. 

Other variables are unique to specific medical costs for each component. We will 
discuss those variables later in the report when we address each model compo- 
nent. The unique variables include incidence and distribution rates for lost time, 
hospitalization, disability, and other costs. 

Figure 2-2. The Common Variables for Estimating Medical Costs 
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Determining the Number of People Exposed to the Hazard (Ne) 

The number of persons exposed to a hazard is the product of the number of sys- 
tems, times the number of people per system, times the probability of exposure to 
a hazard. As discussed in Chapter 1, we based the probability of exposure to a 
hazard on the hazard probability category the medical assessor selected. The 
probability of exposure for multiple hazards from one system varies. 

Equation 2-1 determines the number of persons exposed to a hazard. 

Ne = PexNsxNps, [Eq. 2-1] 

where 

Ne = total number of persons per year exposed for the systems or items; 
Pe = probability of exposure per year, based on the determined hazard 

probability category; 
Ns = number of systems, the total number individual items of materiel; 

equipment, or weapon systems in Army inventory; and 
Nps = number of persons per system, or crew size for system, or item. 

As an example, using Equation 2-1 we can calculate for one of the Army's sys- 
tems, which we will call System X, the number of persons per year exposed based 
on a health hazard associated with the system. System X has 10 health hazards: 
weapons combustion products, fire extinguishing agents, carbon dioxide, impulse 
noise, steady-state noise, cold stress, heat stress, oxygen deficiency (ventilation), 
nonionizing radiation, and ionizing radiation. For simplicity, in our examples we 
will work with a single health hazard, weapons combustion products. System X 
has a RAC of 1, a hazard severity of Category I, and a hazard probability of A for 
the weapons combustion products hazard. 

The results of this calculation are used throughout this report with the applicable 
model cost components. For our example the known variables are 

Pe = probability of exposure = 0.9 per year (based on the determined 
hazard probability of A), 

Ns = number of systems = 7,400 systems, and 
Nps = number of persons per system = 4 persons per system. 

Then 

Ne = 0.9/year x 7,400 systems x 4 person/system 
= 26,640 persons/year exposed. 

Based on our calculation, 26,640 persons per year are exposed to the weapons 
combustion products hazard for this system. 
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The Basic Model for Estimating Medical Costs 

Determining the Hazard Severity Factor (Sk) 

We will now determine the hazard severity factor (Sk). The probability of expo- 
sure for multiple hazards from one system varies. For our example the known 
factor is 

Sk = 1 (based on the determined hazard severity Category I). 

With the number of people exposed determined and the hazard severity value 
defined, we now have the common variables for our model. These values are 
used throughout the report in our example calculations for costs. 

In the next six chapters, we will explore each of the six cost components in detail. 
For each one we will do the following: 

♦ Define the equations developed to estimate the costs 

♦ Discuss component-unique variables and the rationale and assumptions 
made 

♦ Discuss other useful outputs 

♦ Perform an example calculation. 
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Chapter 3 
Estimating Clinic Costs 

In this chapter we present the component for potential yearly clinic costs as a 
result of exposure to a health hazard that results in injury or illness. We define the 
equations developed for estimating these costs; discuss the variables in determin- 
ing clinic costs, the rationale and assumptions made, and other useful outputs; and 
perform an example calculation of clinic costs based on our System X example 
(using the single hazard). 

The primary source of our illness and injury-related data was the U.S. Department 
of Labor Bureau of Labor Statistics survey on U.S. occupational injuries and 
illnesses in 1993. [10,11,12,13] 

THE EQUATION 

The general equation for clinic costs and its variables states that clinic visit costs 
(Cc) are simply equal to the product of the number of clinic visits (Nv) and the 
average cost per clinic visit (Fc). The general equation is provided as Equa- 
tion 3-1: 

C=NvxFc, [Eq.3-1] 

where 

Cc = cost of clinic visits, 
Nv = total number of clinic visits, and 
Fc = average fee per clinic visit. 

The clinic visits variable (Cc) is dependent on two common variables and three 
unique variables. The two common variables, discussed in the previous chapter, 
are the number of people exposed and the severity of the hazard. The unique 
variables are a visit constant (Ve), the incidence of illness or injury (/,•), and the 
number of visits (iVc) by injured or ill persons. 

The clinic visit fee (Fc) is an average cost based on the average of various types of 
clinic service visit fees. We found the average fee was $122 per clinic visit. 

SPECIFIC VARIABLES FOR CLINIC COSTS 

The specific variables we used in estimating clinic costs include the visit constant 
(Ve), the incidence of injury or illness (/,•), and the number of visits (Nc). We 
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assigned values for the visit constant and the number of visits. We selected illness 
and injury incidence rates from 1994 Bureau of Labor Statistics data. [10] 

Clinic Visit Constant (Ve) 

The visit constant (Ve) equals 0.75 and is based on exposure to a health hazard 
that results in illness or injury. It is assumed that if an exposure event occurs, then 
75 percent of all persons exposed to the hazard will visit the clinic for an exami- 
nation to determine whether any injury has occurred. (Environmental exposures 
received by soldiers in the Persian Gulf during Operation Desert Storm heightened 
the importance of being examined by a physician, even though medical symptoms 
of illness or injury may not be readily apparent after exposure to a hazard.) Often, 
an outpatient is actually seen in a screening or general clinic and then referred to 
an appropriate specialty clinic. 

Incidence of Injury or Illness (/,-) 

We selected incidence of illness and injury data from the 1994 Bureau of Labor 
Statistics data that we believe are representative of the range of illness and injury 
rates within the Army. Since these data were not military data, we selected in- 
dustries with a high, medium, and low incidence of illness and injury. For exam- 
ple, the construction industry represents high-risk occupations (12.2 injuries or 
illnesses per 100 full-time workers per year), the transportation industry represents 
occupations with medium risk (9.5 injuries or illnesses per 100 full-time workers 
per year), and the service industry represents occupations with low risk (6.7 inju- 
ries or illnesses per 100 full-time workers per year). [10] 

We analyzed each of the categories of materiel systems (see Table 3-1) to deter- 
mine the appropriate illness and injury incidence rate. [10,14,15,16,17] We based 
our analysis on limited Army illness and injury data and the experience of a group 
of senior medical health risk assessors who had worked with a variety of these 
systems. The assigned incidence (risk) levels—high, medium, or low—are used 
to estimate the model component costs. 

Table 3-1. System-Assigned Risk Levels 

System category Assigned risk level 

Armored fighting vehicles High 

Engineer and logistics equipment High 

Missile artillery High 

Tube artillery High 

Air defense systems Medium 

Aircraft technology and armament Medium 

Ground antitank weapons Medium 

Infantry weapons Medium 

3-2 



Estimating Clinic Costs 

Table 3-1. System-Assigned Risk Levels (Continued) 

System category Assigned risk level 

Other Medium 

Smokes and obscurants Medium 

Chemical defense equipment Low 

Clothing and individual equipment Low 

Communications, command, and control Low 

Surveillance, fire control, and electronic warfare Low 

Training devices Low 

Source: USACHPPM historical health hazard assessment data. 

Number of Clinic Visits (Nc) 

The number of visits (Nc) by injured or ill persons is based on the hazard severity 
category. Remember that the hazard severity category determines the seriousness 
of the medical outcomes that could occur. As the severity increases, the number 
of clinic visits increases. 

For this cost component, based on values selected by a panel of experts, we as- 
signed the number of visits based on the hazard severity category and the potential 
medical outcomes. For a hazard severity of Category I, we assigned a visit value 
of Nc = 5 visits; for a hazard severity of Category n, we assigned a visit value of 
Nc = 3 visits; for a hazard severity of Category HI, we assigned a visit value of 
Nc=2 visits; and for a hazard severity of Category IV, we assigned a visit value of 
Nr=l visit for use in the model. 

OTHER USEFUL OUTPUTS 

In addition to the yearly and life-cycle clinic costs that can be estimated, this 
component of the model can be used to estimate 

♦ the number of persons injured or ill, and 

♦ the number of clinic visits. 

Number of Persons Injured or 111 (Nt) 

We can determine the number of persons injured or ill (Ni) by using Equation 3-2: 

N^N.xS^I, [Eq. 3-2] 
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where 

iV,- = number of persons injured or ill, 
Ne = total number of persons per year exposed for the systems or items, 
Sk  = hazard severity factor based on the determined hazard severity 

category, and 
7,   = incidence of injury or illness based on the determined risk level for 

the individual materiel item. 

Number of Clinic Visits (Nv) 

We can determine the number of clinic visits (Nv) by using Equation 3-3: 

Nv=N.xStx[v,+(l,xNe)], [Eq.3-3] 

where 

Nv = total number of clinic visits, 
Ne = total number of persons per year exposed for the systems or items, 
Sk  = hazard severity factor based on the determined hazard severity 

category, 
Ve = visit constant as result of exposure, 
Ii   = incidence of injury or illness based on the determined risk level for 

the individual item of materiel, and 
Nc = number of visits by injured or ill personnel based on the determined 

hazard severity category. 

These outputs may be useful to physicians, environmental engineers, environ- 
mental scientists, and other health care professionals as a basis for assessing the 
strengths and weaknesses of preventive health care. The measures may also be 
useful in trend analyses to identify which types of systems are more hazardous to 
operate and create the greatest burden on the health care system. This allows 
focusing corrective actions on the most hazardous systems currently in the inven- 
tory and preventive actions on similar types of systems in development. 

Medical treatment facility commanders may use the illness and injury data to 
tailor their treatment capability to meet the demand. Preventive medicine pro- 
gram managers may use the outputs to evaluate the effectiveness of their program. 

AN EXAMPLE CALCULATION 

Continuing the example introduced in the previous chapter, System X has a 
weapons combustion products health hazard. For this hazard, System X has a 
RAC of 1, a hazard severity of Category I, and a hazard probability of A. We will 
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Estimating Clinic Costs 

calculate clinic costs, the number of people injured or ill, and the number of clinic 
visits. Our known variables are 

Ne = 26,640 persons per year exposed, 
Sk =1, 
Ve = 0.75 visit per person, 
/, =0.122, 
Nc =5 visits per person, and 
Fc =$122 per visit. 

Using Equation 3-1 we see that total clinic costs (Cc) equal $4,420,060 per year. 

Cc    =    NvxFc 

=   36,230 visits/year x $ 122/visit 

=    $4,420,060/vear. 

Using Equation 3-2 we see that the number of people injured or ill (TV,) equals 
3,250 persons per year. 

N,    =   NexSkxI, 

-   26,640 persons/year exposed x 1 x 0.122 

=   3,250 persons/year. 

Finally, using Equation 3-3 we see that the total number of clinic visits per year 
(Nv) equals 36,230. 

*v    =    N.xSkx[v.+(l, + Ne)] 

=    26,640 persons/year x 1 

x (0.75 visit/person) + (0.122 x 5 visits/person) I 

=    36,230 clinic visits/year. 

SUMMARY 

In this chapter we discussed the model component for clinic costs, the specific 
variables associated with calculating those costs, and how the component outputs 
may be useful, and we performed an example calculation. In the next chapter we 
will discuss the model component for hospitalization costs. 

3-5 



Chapter 4 

Estimating Hospitalization Costs 

In this chapter we present the component for potential hospitalization costs as a 
result of exposure to a health hazard that results in injury or illness. We define the 
equations developed for estimating these costs, discuss the variables in determin- 
ing hospitalization costs and the rationale and assumptions made, discuss other 
useful outputs, and perform an example calculation of hospitalization costs based 
on our System X example (using the single hazard). 

The primary sources of our hospitalization-related data was the US ACHPPM 
Medical Surveillance Monthly Report, April 1995, [18,19,20,21] and 
"CHAMPUS DRG Weights for Fiscal Year 1996" published in the Federal Reg- 
ister. [3] 

THE EQUATION 

This section describes the general equation for hospitalization costs and its vari- 
ables. Hospitalization costs (C/,) are equal to the product of the number of hospi- 
tal days (Nh) and the average fee per hospital day (Fh). The general equation is 
provided as Equation 4-1: 

Ch=NhxFh, [Eq.4-1] 

where 

Ch = cost of hospitalization, 
Nh = total number of hospital days, and 
Fh = average fee per hospital day. 

The hospital days variable (Nh) is dependent on two common variables and three 
unique variables. The two common variables, discussed in Chapter 2, are the 
number of people exposed and the severity of the hazard. The unique variables 
are the incidence of hospitalization (//,), the average number of days in the hospital 
(Dhd) based on historical hospital length-of-stay distribution, and the hospital 
population distribution (Dho). The hospital population distribution correlates 
directly with the factor for average number of days in the hospital. 

The hospital fee variable (Fh) is an average cost based on various types of hospital 
diagnosis-related groups and the classification of the disease. We found the aver- 
age hospital fee was $1,669 per day. [4] 
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SPECIFIC VARIABLES FOR HOSPITALIZATION COSTS 

The specific variables we used in estimating hospitalization costs include the 
incidence of hospitalization (Ih), the average number of days in the hospital (Dhd), 
and the hospitalization population distribution (Dho)- We selected hospitalization 
incidence rates and the hospital population distribution from data in the 
USACHPPM Medical Surveillance Monthly Report. [18,19,20,21,22] It provides 
medical surveillance information of broad interest to the medical community. 
One of the areas of interest it routinely reports is Army active-duty hospitalization 
rates and hospital sick days by International Classification of Diseases (ICD) 
categories. 

The data are current and concerned with active-duty military only. This is ade- 
quate for our use, as we are primarily concerned with soldiers operating weapon 
systems, and is comparable to using Bureau of Labor Statistics data. A disadvan- 
tage in using the hospital sick day data is that it includes bed days, convalescent 
sick days, and medical hold days. The ICD categories do not directly correlate 
with medical outcomes that could be expected with exposure to a health hazard. 
The ICD data are not directly comparable to the disability data categories or lost 
time data categories. These shortcomings do not present a problem in determin- 
ing medical costs. 

We selected illness and injury categories that correlate with the expected medical 
outcomes as a result of exposure to hazards within the nine health hazard catego- 
ries. We also used the hospital sick day data to develop the hospitalization length- 
of-stay distribution matrix. 

Incidence of Hospitalization (Ih) 

We correlated selected classification of illness or injury diagnoses with the cate- 
gories of health hazards. [18,19,20,21,22] These data represent the range of 
hospitalization rates within the Army for hazards associated with weapon systems. 
We assigned an appropriate incidence of hospitalization to the system categories, 
just as we did with the incidence of illness and injury. We assigned high-risk 
systems a hospitalization rate of 13 persons hospitalized per 1,000 soldiers per 
year. We assigned medium-risk systems a hospitalization rate of 7 persons hos- 
pitalized per 1,000 soldiers per year. We assigned low-risk systems a hospitaliza- 
tion rate of 5 persons hospitalized per 10,000 soldiers per year. We use the 
assigned incidence levels to calculate the model component costs. 

Average Number of Days in Hospital (Dhd) 

The factor for the average number of days in the hospital (DM) is based on histori- 
cal hospital length-of-stay data. [18,19,20,21,22] This approach provides realistic 
results and correlates directly with the hospitalization population distribution. 
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Estimating Hospitalization Costs 

For this model component we assigned numerical values for the four average 
numbers of days in the hospital. These values appear in Table 4-1. 

Table 4-1. Factors for Average Number of Days in Hospital (days/person) 

Length of stay in hospital Factor (Dhd) 

<2 days 

2-5 days 

6-30 days 

>30 days 

1.0 

3.5 

18.0 

30.0 

Hospitalization Population Distribution (Dho) 

The factor for the hospitalization population distribution (Dho) is based on histori- 
cal data for the percentage of persons hospitalized for four selected hospital 
length-of-stay distribution categories. [18,19,20,21,22] This distribution ap- 
proach, when combined with the factor for the average number of days in the 
hospital, provides a more realistic basis for determining the total number of hos- 
pital days. 

For this model component we assigned numerical values for the four hospitaliza- 
tion population distribution factors. We assigned these factors to the appropriate 
system risk categories as shown in Table 4-2. 

Table 4-2. Factors for Hospitalization Population Distribution (Dh0) 
by Length of Stay in Hospital for System Risk Categories 

System risk category 

Length of stay in hospital 

<2 days 2-5 days 6-30 days >30 days 

High 

Medium 

Low 

0.40 

0.40 

0.42 

0.35 

0.36 

0.37 

0.17 

0.18 

0.20 

0.08 

0.06 

0.02 

OTHER USEFUL OUTPUTS 

In addition to the hospitalization costs, this component of the model can estimate 

♦ the number of persons hospitalized, and 

♦ the number of hospital days. 

4-3 



Number of Persons Hospitalized (Nph) 

We can determine the number of persons hospitalized (Nph) by using Equation 
4-2: 

N Bh =NexSkxIh, [Eq.4-2] ph e k h 

where 

Nph - number of persons hospitalized, 
Ne = total number of persons per year exposed for the systems or items, 
Sk = hazard severity factor based on the determined hazard severity 

category, and 
Ih   = incidence of hospitalization based on the determined risk level for 

the individual item of materiel. 

Number of Hospital Days (Nh) 

We can determine the number of hospital days (Nh) by using Equation 4-3: 

Nh = NexSk*IhxJ,(DMxDh0), [Eq.4-3] 

where 

Nh = total number of hospital days, 
Ne = total number of persons per year exposed for the systems or items, 
Sk = hazard severity factor based on the determined hazard severity 

category, 
Ih   = incidence of hospitalization based on the determined risk level for 

the individual item of materiel, 
Dhd= factor for the average number of days in hospital per person based on 

historical hospital stay distribution, and 
Dho- factor for the hospitalization population distribution for average 

number of days in hospital. 

These hospitalization component outputs may be useful to physicians, environ- 
mental engineers, environmental scientists, and other health care professionals as 
a basis for assessing the strengths and weaknesses of preventive health care. The 
outputs may also be useful in trend analyses to identify the system health hazards 
that are creating the greatest burden on the health care system. This allows fo- 
cusing on eliminating the worst hazards in systems currently in the inventory and 
instituting preventive actions on similar systems that are under development. 

Medical treatment facility commanders may use the data to assess performance 
and how well prevention activities are incorporated within the health care system. 
The data may also be used to tailor treatment capability to meet the demand. 
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Estimating Hospitalization Costs 

Preventive medicine program managers may use the measures to evaluate the 
effectiveness of their program. 

AN EXAMPLE CALCULATION 

We continue here with our previous System X example. The system was assigned 
a RAC of 1, a hazard severity of Category I, and a hazard probability of A. We 
will calculate hospitalization costs, the number of people hospitalized, and the 
number of hospital days. Our known variables are 

Ne = 26,640 persons per year exposed; 
Sk =1; 
Ih   =0.013; 
Dhd= 1 day per person for less than 2 days, 3.5 days per person for 2 to 5 

days, 18 days per person for 6 to 30 days, and 30 days per person for 
greater than 30 days; 

Dho= 0.4 for less than 2 days, 0.35 for 2 to 5 days, 0.17 for 6 to 30 days, 
and 0.08 for greater than 30 days; and 

Fh =$1,669 per day. 

Using Equation 4-1, total hospitalization costs per year (Ch) are $4,095,187. 

Q    =   NhxFh 

=    2,454 days/year x $\,669/day 

=   $4,095,187/year. 

Using Equation 4-2, the number of people hospitalized per year (Nph) is 346. 

Nph    =   NexSkxIh 

—   26,640 persons!year exposed x 1 x 0.013 

=   346 persons/year. 

Finally, using Equation 4-3, the total number of hospital days per year (Nh) is 
2,454. 

Nh    =    NexSkxIhxJ4{DhdxDh0) 

=    26,640 persons/year x 1 x 0.013 x [(l day Iperson x 0.40J 

+ (35 days/person x 0.35)+ (l 8 days/person x 0.17) 

+ (30 days/person x 0.08)] 

=    2,454 days/year. 
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SUMMARY 

In this chapter we discussed the model component for hospitalization costs, the 
specific variables associated with calculating those costs, and how the component 
outputs may be useful, and we performed an example calculation. In the next 
chapter we will discuss the model component for lost time costs. 
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Chapter 5 

Estimating Lost Time Costs 

In this chapter we present the component for potential lost time costs as a result of 
exposure to a health hazard that results in injury or illness. We define the equa- 
tions developed for estimating these costs, discuss the variables in determining 
lost time costs, the rationale and assumptions made, and other useful outputs, and 
we perform an example calculation of lost time costs based on our System X 
example (using the single hazard). 

The primary sources of our lost time data are from the Bureau of Labor Statistics. 
These included Results of Labor Statistics Survey on U.S. Occupational Injuries, 
Illnesses in 1993 [10] and tabular data on the percentage distribution of nonfatal 
occupational injuries and illnesses involving days away from work for 
1992. [11,12,13] 

THE EQUATION 

This section discusses the general equation for lost time costs and its variables. 
Lost time costs (C/) are equal to the product of the number of lost workdays (Ni), 
the average wage per day (Wd), and a wage fringe benefit factor (5/). The general 
equation is provided as Equation 5-1: 

C, = N, x Wd x Bf, [Eq. 5-1] 

where 

Ci = cost of days of lost time, 
Ni = total number of lost workdays, 
Wd = average wage per day, and 
Bf = wage fringe benefit factor. 

The lost workdays variable (Ni) is dependent on two common variables and three 
unique variables. The two common variables, discussed in Chapter 2, are the 
number of people exposed and the severity of the hazard. The unique variables 
include the incidence of lost time (//), the factor for the average number of lost 
workdays (£>«) based on historical lost workday distribution, and the factor for the 
lost time population distribution (Du). The lost time population factor correlates 
directly with the factor for average number of lost workdays. 
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The average wage per day (W<0 is based on the salaries and numbers of persons 
drawing that salary for a selected group of personnel. We determined an average 
wage to be $53.97 per day. [5] 

We assigned the fringe benefit factor (Bf) a value of 1.41. It is a standard factor 
within the government that is used for programming personnel budget require- 
ments and is considered representative of other corporate benefit factors. 

SPECIFIC VARIABLES FOR LOST TIME COSTS 

The specific variables we used in estimating lost time costs include the incidence 
of lost time (//), the factor for the average number of days of lost time (Du), and 
the factor for the lost time population distribution (Du). We selected lost time 
incidence rates and the lost time population distribution from data in the Bureau 
of Labor Statistics survey for occupational injuries and illnesses. It contains 
historical data addressing incidence rates for occupational injuries and illnesses by 
standard industrial classification for industry divisions, as well as the distribution 
of lost time by nature of injury, body part affected, source of injury, and event or 
exposure leading to injury or illness. [10,11,12,13] 

The data were current and concerned with days away from work as a result of an 
occupational illness or injury. The information was adequate for this project. The 
lost time categories do not directly correlate with medical outcomes that could be 
expected with exposure to a health hazard. The lost time data categories are not 
directly comparable to the hospitalization or disability data. These shortcomings, 
however, did not present a problem in determining medical costs. We used the 
data on the nature of injury or event leading to exposure and the data providing 
incidence rates of illness and injury by standard industrial classification (SIC). 

We selected lost time categories by nature of injury or event leading to exposure 
that correlate to expected medical outcomes as a result of exposure to hazards 
within the nine health hazard categories. We also used the lost time data to de- 
velop a lost time distribution matrix. 

Incidence of Lost Time (//) 

We correlated selected Department of Labor illness or injury categories with the 
categories of health hazards. [10,11,12,13] We considered the data representative 
of the range of lost time rates within the Army for hazards associated with mate- 
riel systems. We assigned an appropriate incidence of lost time to the system 
categories, just as we did with the incidences of illness and injury and of hospi- 
talization. We assigned high-risk systems a lost time rate of 55 persons per 1,000 
soldiers per year. We assigned medium-risk systems a lost time rate of 54 persons 
per 1,000 soldiers per year. We assigned low-risk systems a lost time rate of 28 
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persons per 1,000 soldiers per year. We use the assigned incidence levels to 
estimate the costs for the model's lost time component. 

Average Number of Days of Lost Time (Du) 

We base the factor for the average number of days of lost time {Did) on historical 
distribution data for lost workdays. [11,12,13] This approach provides realistic 
results and correlates directly with the lost time population distribution. 

For this model component, we assigned numerical values to the four factors for 
the average number of days of lost time. The factors, appearing in Table 5-1, are 
the same as for the hospitalization length of stay. 

Table 5-1. Factors for Average Number of Days of Lost Time (days/person) 

Lost workdays Lost time factor (Dw) 

<2 days 

2-5 days 

6-30 days 

>30 days 

1.0 

3.5 

18.0 

30.0 

Lost Time Population Distribution (Dh) 

We base the factor for lost time population distribution (Du) on historical data for 
the percentage of persons losing time for four selected lost workday distribution 
categories. [11,12,13] This distribution approach, when combined with the factor 
for the average number of days of lost time, provides a more realistic basis for 
determining the total number of lost workdays. 

For this model component, we assigned numerical values for the four lost time 
population distribution factors. We assigned these factors to the appropriate 
system risk categories as shown in Table 5-2. 

Table 5-2. Factors for Lost Time Population Distribution (Du) 
by Days of Lost Time for System Risk Categories 

System risk category 

Lost time 

<2 days 2-5 days 6-30 days >30 days 

High 

Medium 

Low 

0.22 

0.20 

0.15 

0.30 

0.33 

0.43 

0.29 

0.31 

0.38 

0.20 

0.16 

0.04 
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OTHER USEFUL OUTPUTS 

In addition to the costs for lost time, this component of the model can be used to 
estimate 

♦ the number of persons losing time, and 

♦ the number of lost workdays. 

Number of Persons Losing Time (Npi) 

We can determine the number of persons losing time (Npi) by using Equation 5-2: 

Npl = NexSkxI,, [Eq.5-2] 

where 

Npi = total number of persons losing time, 
Ne = total number of persons per year exposed for the systems or items, 
Sk  = hazard severity factor based on the determined hazard severity 

category, and 
//    = incidence of lost time based on the determined risk level for the 

individual materiel item. 

Number of Lost Workdays (Ni) 

We can determine the number of lost workdays (Ni) by using Equation 5-3: 

N, = Ne x Sk x /, x X(A* x Du), [Eq- 5-3] 

where 

Ni = total number of days lost workdays, 
Ne = total number of persons per year exposed for the systems or items, 
Sk  = hazard severity factor based on the determined hazard severity cate- 

gory, 
//    = incidence of lost time based on the determined risk level for the indi- 

vidual materiel item, 
Du = number of lost workdays per person based on historical lost workday 

distribution, and 
D[t = lost time population distribution based on average lost workday dis- 

tribution. 

These lost time outputs may be useful to physicians, environmental engineers, 
environmental scientists, and other health care professionals as a basis for 
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assessing the strengths and weaknesses of preventive health care. Preventive 
medicine program managers may use the outputs to evaluate the effectiveness of 
their program. They may also be useful in trend analyses to identify system- 
specific health hazards that degrade unit readiness and create the greatest burden 
on the health care system. 

Program managers and unit commanders may use the data to assess the impact on 
unit readiness if a system were fielded without hazard abatement. The lost time 
data may be the most important data from a unit commander's perspective. Hav- 
ing soldiers away from the job decreases readiness. Should the length of time 
away from the job be significant, it may be necessary to acquire and train re- 
placement personnel. 

AN EXAMPLE CALCULATION 

We now continue with our System X example. The system was assigned a RAC 
of 1, a hazard severity of Category I, and a hazard probability of A. We will 
calculate lost time costs, the number of people losing time, and the number of lost 
workdays. Our known variables are 

Ne = 26,640 persons per year exposed; 
sk =i; 
h   =0.055; 
Did = 1 day per person for less than 2 days, 3.5 days per person for 2 to 5 

days, 18 days per person for 6 to 30 days, and 30 days per person for 
greater than 30 days; 

Du = 0.22 for less than 2 days, 0.30 for 2 to 5 days, 0.29 for 6 to 30 days, 
and 0.20 for greater than 30 days; 

Wd = $53.97 per day; and 
Bf =1.41. 

Using Equation 5-1, total lost time costs (C/) equal $1,392,614 per year. 

C,   =   N,xWdxBf 

=   18,300 days/year x %53.91lday x 1.41 

=   $l,392,6U/year. 

Using Equation 5-2, the number of people losing time (Npt) equals 1,465 persons 
per year. 

Npl    =   NexSkxI, 

—   26,640 persons/year exposedx 1 x 0.055 

=   1,465 persons/year. 
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Finally, using Equation 5-3, the total number of lost workdays per year (Ni) is 
18,300. 

N,    =    NexSkxIlxJd(DuxDlt) 
=    26,640 persons/year x 1 x 0.055 [(l day/person x 0.22) 

+ (3.5 day siperson x 0.30) + (l8 day si person x 0.29) 

+ (30 days/'person x 0.20)] 

=    18,300 days/year. 

SUMMARY 

In this chapter we discussed the model component for lost time costs, the specific 
variables associated with calculating those costs, and how the component outputs 
may be useful, and we performed an example calculation. In the next chapter we 
will discuss the model component for disability costs. 
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Chapter 6 

Estimating Disability Costs 

In this chapter we present the component for potential disability costs as a result 
of exposure to a health hazard that results in injury or illness. We define the 
equations developed for estimating these costs; we discuss the variables in deter- 
mining disability costs, the rationale and assumptions made, and other useful 
outputs; and we perform an example calculation of disability costs based on our 
System X example (using the single hazard). 

The primary source for VA disability data was the U.S. Department of Veterans 
Affairs, National Center for Veteran Analysis and Statistics, Demographics Divi- 
sion. [23,24,25,26,27] A report by the Armed Forces Epidemiological Board 
Injury Prevention and Control Work Group provided information on active-duty 
temporary and permanent disability. [6] 

THE EQUATION 

We discuss in this section the general equation for disability costs and its vari- 
ables. Disability costs consist of costs for delayed VA disability and more imme- 
diate active-duty disability. Active-duty disability is either temporary or 
permanent. Disability costs (Cdd are equal to the product of the number of people 
exposed (Ne) times the hazard severity factor (Sk) times the incidence of VA dis- 
ability (Iv) times the VA disability adjustment factor (Tv) times the sum of the VA 
disability population distribution (Dv) times the VA disability compensation (Bv) 
plus the number of people exposed (Ne) times the hazard severity factor (Sk) times 
the incidence of active-duty temporary disability (It) times the active-duty tempo- 
rary disability compensation (Bt) plus the number of people exposed (Ne) times 
the hazard severity factor (Sk) times the incidence of active-duty permanent dis- 
ability (Ip) times the active-duty permanent disability compensation (Bp): 

Cd.    =    NexSkxIvxTvx^(DvxBv)xl2 months/year 

■[«.*>>,)+(',**.)] [Eq6"1] + 

where 

Cdi = cost of disabilities; 
Ne = total number of persons per year exposed for the systems or items; 
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Sk = hazard severity factor based on the determined hazard severity cate- 
gory; 

Iv   = incidence of VA disability based on the determined risk level for the 
individual item of materiel, equipment, or weapon system; 

Tv = VA disability adjustment factor for delayed disability; 
Dv = VA disability population factor based on historical rate of disability 

distribution; 
Bv = VA disability compensation per month per rate of disability; 
7,   = incidence of active-duty temporary disability; 
Bt = active-duty temporary disability compensation per year; 
Ip   = incidence of active-duty permanent disability; and 
Bp = active duty permanent disability compensation per year. 

The determination of disability costs (Q,) is dependent on two common variables 
and eight unique variables. The two common variables, discussed in Chapter 2, 
are the number of people exposed and the severity of the hazard. The unique 
variables include the incidences for VA disability (Iv), active-duty temporary 
disability (/,), and active-duty permanent disability (Ip); the VA disability adjust- 
ment factor for delayed disability (Tv); the VA disability population (Dv) based on 
historical rate of disability distribution; and the disability compensation rates for 
VA disability (Bv), active-duty temporary disability (Bt), and active-duty perma- 
nent disability (Bp). 

SPECIFIC VARIABLES FOR DISABILITY COSTS 

We developed many variables in estimating disability costs. The specific inci- 
dence variables we used included the incidence of VA disability (7V), the incidence 
of active-duty temporary disability (/,), and the incidence of active-duty permanent 
disability (Ip); a VA disability adjustment factor (Tv) for disability received after 
leaving the military; the VA disability population (Dv) based on historical rate of 
disability distribution; and disability compensation rates for VA disability (Bv), 
active-duty temporary disability (Bt), and active-duty permanent disability (Bp). 
We selected disability incidence rates and the disability population distribution 
from VA and Army data. 

The VA data contained historical data addressing the degree of disability by case 
for given disability diagnoses. [23,24,25] The data were current and concerned 
with compensation of veteran's disabilities. This information was adequate for 
this project. The disability categories did not directly correlate with medical 
outcomes that could be expected with exposure to a health hazard. The disability 
data categories were not directly comparable to the hospitalization or lost time 
data. However, this did not present a problem in determining medical costs. 

Disability categories were selected that correlated to expected medical outcomes 
as a result of exposure to hazards within the nine health hazard categories. We 
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Estimating Disability Costs 

also used the data on degree of disability to develop a disability distribution ma- 
trix for the VA data. 

The Army data provided limited compensation and active-duty disability infor- 
mation that was sufficient to allow selection of temporary and permanent inci- 
dence factors and appropriate compensation factors. [6] 

Incidences of Disability 

In this subsection we discuss the three disability incidence rates. They are the VA 
disability rate, the active-duty temporary disability incidence rate, and the active- 
duty permanent disability incidence rate. 

INCIDENCE OF VA DISABILITY (/V) 

We selected the incidence of VA disability (Iv) from reports by the National Cen- 
ter for Veteran Analysis and Statistics involving disability compensation by class 
of major disability by combined degree. [23,24,25] The data were current as of 
March 1995. We correlated selected classification of illness or injury diagnoses 
with the categories of health hazards. These data represent the range of disability 
rates within the Army for hazards associated with weapon systems. We assigned 
an appropriate incidence of disability to the system categories, just as we did with 
the incidence of illness and injury. We assigned high-risk systems a disability rate 
of 32 persons disabled per 1,000 soldiers per year. We assigned medium-risk 
systems a disability rate of 12 persons disabled per 1,000 soldiers per year. We 
assigned low-risk systems a disability rate of 5 persons hospitalized per 100,000 
soldiers per year. We use the assigned incidence levels to estimate the model 
component costs. 

INCIDENCE OF ACTIVE-DUTY TEMPORARY DISABILITY (/,) 

We selected incidence of active-duty temporary disability (It) from a report by the 
Armed Forces Epidemiological Board Injury Prevention and Control Work Group 
on illness and injury. [6] Its report provided basic information on active-duty 
temporary and permanent disability compensation. For this incidence rate we 
selected a single incidence only because of the limited data presented in the report. 
We assigned an active-duty temporary disability incidence rate of 1 person dis- 
abled per 1,000 soldiers per year. We use the assigned incidence rate to estimate 
the model component costs. 

INCIDENCE OF ACTTVE-DUTY PERMANENT DISABILITY (IP) 

We selected incidence of active-duty permanent disability (Ip) from the report by 
the Armed Forces Epidemiological Board Injury Work Group on illness and 
injury. [6] The report provided basic information on active-duty permanent dis- 
ability. For this incidence rate we selected a single incidence only because of the 
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limited data presented in the report. We assigned an active-duty permanent dis- 
ability incidence rate of 11 persons disabled per 1,000 soldiers per year. We use 
the assigned incidence rate to estimate the model component costs. 

VA Disability Adjustment Factor (Tv) 

The VA disability adjustment factor (Tv) reduces the VA disability population. 
VA disability is received by eligible veterans after leaving military service. One 
would likely see disabilities compensated by the VA only later in the life of a 
system. We assumed that for a system with an operational life of 20 years, VA 
disabilities could be expected at 15 years. Based on this assumption, we assigned 
a VA disability adjustment factor of 0.25. 

VA Disability Population Distribution Factor (Dv) 

The disability population distribution factor (Dv) is based on historical data for the 
percentage of persons disabled for four selected disability distribution categories. 
VA disability is established in 10 percent increments. [23,24,25] This distribution 
approach provides a realistic basis for determining the cost of disability. 

For this model component we assigned numerical values for the four disability 
population distribution factors. We assigned these factors to the appropriate 
system risk categories as shown in Table 6-1. 

Table 6-1. Factors for Disability Population Distribution (Dv) 
by Degree of Disability for System Risk Categories 

System risk category 

Degree of disability 

10% 20%-50% 60%-90% 100% 

High 

Medium 

Low 

0.44 

0.44 

0.43 

0.42 

0.44 

0.48 

0.10 

0.09 

0.08 

0.04 

0.03 

0.01 

Disability Compensation Factors 

In this subsection we discuss the three disability compensation rates. They are the 
VA disability compensation rate, the active-duty temporary disability compensa- 
tion rate, and the active-duty permanent disability compensation rate. 

VA DISABILITY COMPENSATION FACTOR (BV) 

We based the VA disability compensation (Bv) factor on historical data for se- 
lected degree of disability categories. [7,8] The approach, when combined with 
the VA disability population distribution factor for degree of disability, provides a 
realistic basis for determining the cost of disability. 
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Estimating Disability Costs 

For this model component we assigned numerical values for the four VA disabil- 
ity compensation factors by degree of disability population distribution factors as 
shown in Table 6-2. VA disability is paid for 10 percent disability increments. 

Table 6-2. VA Disability Compensation Factors by Degree of Disability (Bv) 
(dollars/month/person) 

Degree of disability VA disability compensation factor (Bv) 

10% 

20%-50% 

60%-90% 

100% 

$91.00 

$340.25 

$915.50 

$1,865.00 

ACTIVE-DUTY TEMPORARY DISABILITY COMPENSATION FACTOR (Bt) 

We based the active-duty temporary disability compensation factor (Bt) on 1990 
historical compensation costs for permanent and temporary disability in the three 
military services. [6] Using the data provides a more realistic basis for determin- 
ing the cost of disability than just using VA data. 

We found the average active-duty temporary disability compensation to be $9,242 
per year per person. We assumed that the temporary disability list would remain 
constant—that is, as someone is removed from the list another person is added to 
it. 

ACTIVE-DUTY PERMANENT DISABILITY COMPENSATION FACTOR (BP) 

We based the active-duty permanent disability compensation factor (Bp) on 1990 
historical compensation costs for permanent and temporary disability in the three 
military services. [6] Using the data provides a more realistic basis for determin- 
ing the cost of disability than just using VA data. 

We found the average active-duty permanent disability compensation to be 
$12,864 per year per person. 

OTHER USEFUL OUTPUTS 

In addition to estimating disability costs, this component of the model can esti- 
mate the number of persons disabled. We can determine the number of persons 
disabled (A^) by using Equation 6-2: 

N pd  =NexSkx(TvxIv+It+I J, [Eq.6-2] 
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where 

NPd= total number of persons disabled, 
Ne = total number of persons per year exposed for the systems or items, 
Sk = hazard severity factor based on the determined hazard severity cate- 

gory, 
Tv = VA disability adjustment factor for delayed disability, 
Iv   = incidence of VA disability based on the determined risk level for the 

individual materiel item, 
/,   = incidence of active-duty temporary disability, and 
Ip   = incidence of active-duty permanent disability. 

As with other outputs previously discussed, disability outputs may be useful to 
physicians, environmental engineers, environmental scientists, and other health 
care professionals as an indicator for assessing the strengths and weaknesses of 
preventive health care. The outputs may be useful for determining when disabili- 
ties occur in a soldier's career. They may also be useful in trend analyses to iden- 
tify the system health hazards that create the greatest burden on the health care 
system. This along with the other measures discussed in previous chapters allows 
focusing on eliminating the worst hazards in systems currently in the inventory 
and instituting preventive actions on similar systems in development. 

Medical treatment facility commanders may use the data to assess performance 
and how well prevention activities are incorporated within the health care system. 
They may also use the data for trend analyses to assess the future burden on Army 
and VA health care systems. 

Preventive medicine program managers may use this output to evaluate the effec- 
tiveness of their programs. 

AN EXAMPLE CALCULATION 

We now continue with our previous System X example. The system was assigned 
a RAC of 1, a hazard severity of Category I, and a hazard probability of A. We 
will calculate disability costs and the number of people disabled. Our known 
variables are 

Ne = 26,640 persons per year exposed; 
Sk =1; 
Iv   =0.032; 
Tv =0.25; 
Dv = 0.44 for 10 percent disability, 0.42 for disability between 20 percent 

and 50 percent, 0.10 for disability between 60 percent and 90 pecent, 
and 0.04 for a disability of 100 percent; 
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Estimating Disability Costs 

Bv = $91.00 per month per person for a 10 percent disability, $340.25 per 
month per person for a disability between 20 percent and 50 percent, 
$915.50 per month per person for a disability between 60 percent and 
90 percent, and $1,865.00 per month per person for a disability of 
100 percent; 

1,   =0.001; 
Bt  = $9,242 per year per person; 
Ip   =0.011; and 
Bp = $12,864 per year per person. 

Using Equation 6-1, total disability costs (Cdd are equal to $4,908,663 per year. 

Cdi    =    NexSkx{[lvxTvxJ^(DvxBv) 

x 12months/year] + \(l, xBt) + (lpxBp) > 

=    26,640 persons/year exposed x 1 

x {[o.032 x 0.25 x (o.44 x $9Vmonthlperson 

+ 0.42 x %3AQ.25lmonthlperson 

+ 0.1 x $9l550/monthlperson 

+ 0.04 x $l,S65/month/person) x 12 month/year] 

+ [(o.OOlx $9,242/year/per son) 

+ (O.OI 1 x $12,864/year/person)^ 

=    $4,908,663/)>ear. 

Using Equation 6-2, the number of people disabled (Npd) is 533 per year. 

Npd    =    NexSkx[(TvxIv) + (ltxIpj\ 

=    26,640 persons/year exposed x 1 

x [(0.25 x 0.032) + (0.001 + 0.011)] 

+ 533 persons/year. 

SUMMARY 

In this chapter we discussed the model component for disability costs, the specific 
variables associated with calculating those costs, and how the component outputs 
may be useful, and we performed an example calculation. In the next chapter we 
will discuss the model components for rehabilitation costs. 
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Chapter 7 
Estimating Rehabilitation Costs 

In this chapter we present the component for potential rehabilitation costs as a 
result of exposure to a health hazard that results in injury or illness. We define the 
equations for estimating these costs, discuss the variables in determining reha- 
bilitation costs and the rationale and assumptions made, discuss other useful 
outputs, and perform an example calculation of rehabilitation costs based on our 
System X example (using the single hazard). 

The primary source of our rehabilitation-related data was the U.S. Department of 
Veterans Affairs fact sheets. [7,8,9] 

THE EQUATION 

In this section we discuss the general equation for rehabilitation costs and its 
variables. As shown in Equation 7-1, rehabilitation costs (CV) are equal to the 
product of the number of people exposed (Ne) times the hazard severity factor (Sk) 
times the incidence of VA disability (Iv) times the sum of the eligible VA popula- 
tion distribution (Dr) greater than 20 percent times the rehabilitation qualification 
factor (Qr) times the veteran rehabilitation benefit factor (Br): 

Cr-NexSkxIvxTvx^DrxaxBr, [Eq. 7-1] 

where 

Cr = cost of rehabilitation, 
Ne = total number of persons per year exposed for the systems or items, 
Sk  = hazard severity factor based on the determined hazard severity, 
Iv   = incidence of VA disability based on the determined risk level for the 

individual item of materiel, 
Tv = VA disability adjustment factor for delayed disability, 
Dr = eligible VA disability population based on rate of disability distribu- 

tion equal to or greater than 20 percent, 
Qr = VA rehabilitation qualification factor, and 
Br = VA rehabilitation benefit per year per person. 

The determination of rehabilitation costs (CV) is dependent on two common vari- 
ables and five unique variables. The two common variables, as discussed in 
Chapter 2, are the number of people exposed and the severity of the hazard. The 
unique variables include the incidence of VA disability (Iv), the VA disability 
adjustment factor (Tv), the eligible VA population distribution (Dr) based on the 
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historical rate of VA disability distribution equal to or greater than 20 percent, the 
qualification factor for rehabilitation (Qr), and the rehabilitation benefit factor 
(Br). 

We assumed the qualification factor for rehabilitation (Qr) to be 5 percent of those 
persons having disabilities 20 percent or greater, and we estimated the rehabilita- 
tion benefit factor (Br) to be $12,000 per year per person. 

SPECIFIC VARIABLES FOR REHABILITATION COSTS 

The specific variables we used in estimating rehabilitation costs include the inci- 
dence of VA disability (Yv), the VA disability adjustment factor (Tv), the eligible 
VA population distribution (Dr) based on the historical rate of VA disability 
distribution equal to or greater than 20 percent, the qualification factor for reha- 
bilitation (Qr), and the rehabilitation benefit factor (Br). 

Incidence of VA Disability (7V) 

We selected the incidence of VA disability (Iv) from the National Center for Vet- 
eran Analysis and Statistics database reports, as previously discussed in Chap- 
ter 6. [23,24,25] We assigned an active-duty permanent disability incidence of 32 
persons disabled per 1,000 soldiers per year. 

VA Disability Adjustment Factor (Tv) 

The VA disability adjustment factor (rv) reduces the VA disability population. As 
discussed in Chapter 6, VA disability is received by eligible veterans after leaving 
military service. We assigned a VA disability adjustment factor of 0.25. 

Eligible VA Disability Population Distribution Factor (Dr) 

As discussed in Chapter 6, we selected the factor for the eligible VA disability 
population distribution (Dr) based on historical data for the percentage of persons 
disabled for three selected disability distribution categories. [23,24,25] Eligibility 
for rehabilitation is limited to people with a disability of 20 percent or more. This 
distribution approach provides a more realistic basis for determining the cost of 
rehabilitation. 

We assigned a disability population distribution factor of 0.42 for disability be- 
tween 20 percent and 50 percent, 0.10 for disability between 60 percent and 90 
percent, and 0.04 for a disability of 100 percent. 
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VA Qualification Factor for Rehabilitation (Qr) 

We assumed the qualification factor for rehabilitation (Qr) to be 0.05. We se- 
lected this value based on an estimate of the percentage of people who may apply 
for and be accepted for rehabilitation benefits. The qualification factor selected 
may be low; for example, the Baltimore VA region estimated its acceptance rate 
for the VA rehabilitation program to be greater than 20 percent. However, the 
value is adequate for use in this model. 

VA Rehabilitation Benefit Factor (Br) 

We estimated the rehabilitation benefit factor (Br) to be $12,000 per year per 
person. Rehabilitation benefits may vary per person, but we considered $12,000 
to be a reasonable estimate. Other benefits may be available for eligible disabled 
persons, but we did not consider these other benefits. [8,9] 

OTHER USEFUL OUTPUTS 

In addition to estimating rehabilitation costs, this component of the model esti- 
mates the number of persons rehabilitated. We can determine the number of 
rehabilitation cases (Nr) by using Equation 7-2: 

K=KxSkxIv^TvxJprxa, [Eq.7-2] 

where 

Nr = total number of rehabilitation cases, 
Ne = total number of persons per year exposed for the systems or items, 
Sk  = hazard severity factor based on the determined hazard severity, 
Iv   = incidence of VA disability based on the determined risk level for the 

individual materiel item, 
Tv = VA disability adjustment factor for delayed disability, 
Dr = eligible VA disability population based on rate of disability 

distribution equal to or greater than 20 percent, 
Qr = VA rehabilitation qualification factor, and 
Br = VA rehabilitation benefit per year per person. 

As with other outputs previously discussed, rehabilitation outputs may be useful 
to physicians, environmental engineers, environmental scientists, and other health 
care professionals as an indicator for assessing the strengths and weaknesses of 
preventive health care. The outputs can be useful for determining what types of 
disabilities require rehabilitation. They may also be useful in trend analyses to 
identify the system health hazards creating the greatest burden on the health care 
system. These outputs, along with the others discussed in previous chapters, 
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allow focusing on eliminating the worst hazards in systems currently in the in- 
ventory and instituting preventive actions on similar systems in development. 

Medical treatment facility commanders may use the data to assess performance 
and how well prevention activities are being incorporated within the health care 
system. They may also use the data for trend analyses to assess the future burden 
on Army and VA health care systems. 

Preventive medicine program managers may use this output to evaluate the effec- 
tiveness of their programs. 

AN EXAMPLE CALCULATION 

We continue here with our previous System X example. The system was assigned 
a RAC of 1, a hazard severity of Category I, and a hazard probability of A. We 
will calculate rehabilitation costs and the number of people rehabilitated. Our 
known variables are 

Ne = 26,640 persons per year exposed; 
Sk =1; 
Iv   =0.032; 
Tv =0.25; 
Dv = 0.42 for disability between 20 percent and 50 percent, 0.10 for 

disability between 60 percent and 90 percent, and 0.04 for a 
disability of 100 percent; 

or = 0.05; and 
Br = $ 12,000 per year per person. 

Using Equation 7-1, total rehabilitation costs (Cr) are $71,608 per year. 

Cr    =    NexSkxIvxTvxJJDvxQrxBr 

=    26,640 persons/year exposed x 1 x 0.032 x 0.25 

x [0.42 + 0.1 + 0.04] x 0.05 x $12,000/person 

=    $71,608/year. 

Using Equation 7-2, the number of rehabilitation cases is 6 persons per year. 

Nr    =    NexSkxIvxTvJ,DvxQr 

=    26,640 persons/year exposed x 1 x 0.032 x 0.25 

x [0.42+ 0.1 +0.04] x 0.05 

+ 6 cases/year. 
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SUMMARY 

In this chapter we discussed the model component for rehabilitation costs, the 
specific variables associated with estimating those costs, and how the component 
outputs may be useful, and we performed an example calculation. In the next 
chapter we will discuss the model component for death costs. 

7-5 



Chapter 8 
Estimating Death Costs 

In this chapter we present the component for potential death costs as a result of 
exposure to a health hazard that results in injury or illness. We define the equa- 
tions for estimating these costs, discuss the variables in determining death costs 
and the rationale and assumptions made, discuss other useful outputs, and perform 
an example calculation of death costs based on our System X example (using the 
single hazard). 

The primary source of death-related data was a report by the Armed Forces Epi- 
demiological Board Injury Prevention and Control Work Group [6] and the death 
benefit paid by the Serviceman's Group Life Insurance. 

THE EQUATION 

In this section we discuss the general equation for death costs and its variables. 
As shown in Equation 8-1, death costs (Qe) are equal to the product of the num- 
ber of deaths (Nde) and the death benefit and expenses (Bde): 

Cde ={NdexBde), [Eq.8-1] 

where 

Cde = cost of death, 
Nde = number of deaths per year, and 
Bde = death benefit and expenses. 

The cost of death variable (Cde) is dependent on two specific variables: the num- 
ber of deaths (Nde) and the death benefit and expenses (Bde). 

SPECIFIC VARIABLES FOR DEATH COSTS 

The specific variables we used in estimating death costs are the number of deaths 
(Nde) and the death benefit and expenses (Bde)- We selected values for the number 
of deaths after review of the report by the Armed Forces Epidemiological Board 
Injury Prevention and Control Work Group. [6] 
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Number of Deaths (Nde) 

We assumed that a potential for death existed only in the catastrophic hazard 
severity category. Easy and reliable sources of data were limited; this is an area 
requiring further research to establish other data sources and refine our model. 
The report by the Armed Forces Epidemiological Board Injury Prevention and 
Control Work Group showed that overall there was approximately 1 death per 
1,000 clinic visits. While this number is appropriate from an overall injury per- 
spective, the results obtained when applied to our example were not believable. 
[6] We assumed that only rare circumstances would allow more than 1 death per 
year related to a materiel system before an immediate resolution occurred. 

For this model component we assigned a numerical value of 1 death for hazard 
severity Category I and a value of zero for all other hazard severity categories. 

Death Benefit and Expenses (Bde) 

The cost of a person's death is not easily calculated and is another area deserving 
further research to establish other data sources and refine our model. The cost of 
death includes costs paid by insurance policies plus expenses relating to casualty 
assistance, honor guard, funeral and burial, family, and other related expenses. 
The military also incurs additional costs for training of replacement personnel. 
Serviceman's Group Life Insurance can pay a beneficiary up to $200,000 for the 
death of a soldier. Other expenses incurred by the Army can be substantial. 

For this model component we assigned a numerical value of $200,000 for the 
death benefit and expenses factor. 

OTHER USEFUL OUTPUTS 

Another useful output is the number of deaths; however, as previously discussed, 
this area requires further research to establish other data sources and refine our 
model. Currently we assume the number of deaths equals 1 for a hazard severity 
of Category I and zero for all other hazard severity categories. 

As with other outputs previously discussed, death outputs may be useful to physi- 
cians, environmental engineers, environmental scientists, and other health care 
professionals as an indicator for assessing the strengths and weaknesses of pre- 
ventive health care. The outputs can be useful in trend analyses to identify the 
system health hazards that are creating the greatest burden on the health care 
system. These outputs, along with the others discussed in previous chapters, 
allow focusing on eliminating the worst hazards in systems currently in the in- 
ventory and instituting preventive actions with similar systems in development. 
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Medical treatment facility commanders may use the data to assess performance 
and how well prevention activities are being incorporated within the health care 
system. They may also use the data for trend analyses to assess the future burden 
on Army and VA health care systems. 

Preventive medicine program managers may use these outputs to evaluate the 
effectiveness of their program. 

AN EXAMPLE CALCULATION 

We continue here with our previous System X example. The system was assigned 
a RAC of 1, a hazard severity of Category I, and a hazard probability of A. We 
will calculate the death costs. Our known variables are 

Nde = 1 death per year for a catastrophic hazard severity category, and 
Bde = $200,000 per death. 

Using Equation 8-1, death costs (Cde) are equal to $200,000 per year. 

Cde   =   N^xB^ 

=   1 death/year x $200,000/death 

=   $200,000/year. 

As previously discussed, the number of deaths is equal to 1 per year. 

SUMMARY 

In this chapter we discussed the model component for death costs, the specific 
variables associated with estimating those costs, and how the component outputs 
may be useful, and we performed an example calculation. In the next chapter we 
will test the model and provide summary costs for a system with multiple health 
hazards. 
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Chapter 9 

Cost Summary for a System with Multiple 
Health Hazards 

A RECAP OF THE MODEL 

In this chapter we summarize the total medical costs for all hazards identified for 
our System X. We discussed those hazards in Chapter 2; in subsequent chapters 
we explained the individual model components and provided sample calculations 
for each of the components for a single hazard. The model with the components 
and their individual outputs is shown in Figure 9-1. 

Figure 9-1. The Basic Cost Model with Individual Components and Outputs 
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In this chapter we also summarize the component outputs and discuss how the 
cost and other output information may be used by program managers, health 
hazard assessors, medical treatment facility commanders, and other preventive 
medicine personnel. 

TOTAL COSTS 

In this section we calculate the total medical costs for all hazards identified for our 
System X. 

Use of the Model for a System with Multiple Hazards 

While earlier example calculations addressed only a single hazard, most materiel 
systems carry more than one health hazard. To calculate total medical costs for a 
system with multiple health hazards, we sum the individual component costs for 
each individual hazard. We identified 10 health hazards with System X. 
Table 9-1 lists them and their assigned risk indices. 

Table 9-1. System X Health Hazards and Associated Risk Indices 

Risk Hazard 

Hazard Assessment severity Hazard 

category Hazard Code (RAC) category probability 

Chemical substances Weapons combustion products 1 I A 

Chemical substances Fire extinguishing agents 2 C 

Chemical substances Carbon dioxide 3 D 

Acoustical energy Impulse noise 2 C 

Acoustical energy Steady-state noise 2 C 

Temperature extremes Cold stress 2 C 

Temperature extremes Heat stress 2 C 

Oxygen deficiency Oxygen deficiency (ventilation) 2 C 

Radiation energy Nonionizing radiation 2 C 

Radiation energy Ionizing radiation 4 E 

Cost Summary 

Costs incurred over the operational life of the system as a result of unabated 
health hazards are significant—in this case, greater than $345 million. Lost time, 
disability, rehabilitation, and death costs of $150 million, along with clinic and 
hospitalization costs of $195 million, affect both readiness and the health care 
system. Table 9-2 summarizes the model component life-cycle costs for each of 
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Cost Summary for a System with Multiple Health Hazards 

the 10 unabated health hazards for System X. The table lists the hazards by the 
magnitude of their potential costs. Health hazard intervention and other preven- 
tive medicine measures can reduce these costs. 

Table 9-2. Life-Cycle Costs of Unabated Health Hazards for System X 

Hazards by rank 

Costs ($000) 

Clinic Hospital Lost time Disability Rehabilitation Death Total 

Weapons combustion 
products 

88,402 81,904 27,852 98,173 1,432 4,000 301,763 

Fire extinguishing 
agents 

1,612 1,820 619 2,182 32 0 6,265 

Impulse noise 1,612 1,820 619 2,182 32 0 6,265 

Steady-state noise 1,612 1,820 619 2,182 32 0 6,265 

Cold stress 1,612 1,820 619 2,182 32 0 6,265 

Heat stress 1,612 1,820 619 2,182 32 0 6,265 

Oxygen deficiency 
(ventilation) 

1,612 1,820 619 2,182 32 0 6,265 

Nonionizing radiation 1,612 1,820 619 2,182 32 0 6,265 

Carbon dioxide 81 91 31 109 2 0 314 

Ionizing radiation 8 9 3 11 0 0 31 

Total 99,775 94,744 32,219 113,567 1,658 4,000 345,963 

Information presented in the form of Table 9-2 may be used by program manag- 
ers, health hazard assessors, medical treatment facility commanders, and other 
preventive medicine personnel. 

♦ Program managers can easily see which health hazards require immediate 
attention and priority abatement. They can also see that the magnitude of 
the costs could have a severe impact on readiness if the hazards are not 
eliminated or controlled. 

♦ Health hazard assessors can show the value of their work and where 
needless medical costs can be avoided. They can see where they have to 
focus their attention concerning health hazard control education. 

♦ Health care system practitioners can see which medical cost categories are 
most affected. This may assist medical treatment facility commanders in 
determining necessary resource reallocation within their medical treatment 
facility. 

♦ Preventive medicine personnel can use information in the table to assist 
commanders in determining what health promotion and preventive educa- 
tion measures are required. The information can indicate where they 
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should focus efforts to reduce medical costs and the burden on the health 
care system. They can also use this information to evaluate the effective- 
ness of their programs in reducing medical costs—a reduction in medical 
costs is a measure of success. As the model is tested, other valuable uses 
for the information may become apparent. 

While the average-hazard approach may mask hazard-specific differences in 
medical cost categories, it can be seen from Table 9-2 that this characteristic does 
not lessen the model's usefulness. However, improving the model to estimate 
hazard-specific costs needs to be pursued. Doing so would provide more detailed 
information on hazard-specific medical outcomes and impacts on specific hospital 
and clinic services, the types of injuries and illnesses occurring, and the hazards 
that create the most potential for lost time and disability. This improvement will 
require the research and development of individual hazard-specific variables for 
use in the model. 

Individual Component Output Summary 

The medical cost data clearly show that unabated health hazards can have a sig- 
nificant impact on readiness and the health care system over the operational life of 
System X. The individual component outputs give a detailed picture of these 
impacts. Table 9-3 summarizes the yearly individual component output data for 
each of the 10 unabated health hazards for System X. The table lists the hazards 
by the magnitude of their impact on readiness and the health care system. 

Yearly, we can expect 3,758 injured or ill persons, 1,698 persons losing time at 
work, 618 disabled persons, and 402 hospitalized persons. This has a tremendous 
impact on available manpower. Lost workdays account for a total of 21,171 days 
per year. This directly impacts unit readiness. Yearly, we can expect 40,893 
clinic visits and 2,842 hospital days as a result of exposure to health hazards 
resulting in illness and injury. This can present a great burden on the health care 
system. Health hazard intervention and other preventive medicine measures can 
reduce these costs. 

Table 9-3 also provides information that may be used by program managers, 
health hazard assessors, medical treatment facility commanders, and other pre- 
ventive medicine personnel. While the individual component outputs were se- 
lected based on the events that could occur as a result of an exposure to a health 
hazard resulting in illness or injury, it should become apparent that they are also 
measures of effectiveness for prevention programs. 
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Cost Summary for a System with Multiple Health Hazards 

Table 9-3. Individual Component Outputs by Hazard—Yearly Basis 

Component outputs 

Persons Lost Rehabili- 

Clinic Persons Persons Hospital losing work- Persons tation 

Hazard visits injured/ill hospitalized days time days disabled cases Deaths 

Weapons 36,230 3,250 346 2,454 1,465 18,300 533 7 1 
combustion 
products 

Fire extin- 661 72 8 55 33 407 12 0 0 
guishing 
agents 

Impulse 661 72 8 55 33 407 12 0 0 
noise 

Steady-state 661 72 8 55 33 407 12 0 0 
noise 

Cold stress 661 72 8 55 33 407 12 0 0 

Heat stress 661 72 8 55 33 407 12 0 0 

Oxygen 661 72 8 55 33 407 12 0 0 
deficiency 
ventilation 

Nonionizing 661 72 8 55 33 407 12 0 0 
radiation 

Carbon 33 4 0 3 2 20 1 0 0 
dioxide 

Ionizing 3 0 0 0 0 2 0 0 0 
radiation 

Total 40,893 3,758 402 2,842 1,698 21,171 618 7 1 

Program managers can easily see the magnitude of injuries and lost workdays that 
will lessen readiness if the hazards are not eliminated or controlled. Health hazard 
assessors can identify preventable injuries and illnesses, lost time, and disabilities. 
They can also see where they have to focus their attention concerning health- 
hazard-control education. As with the medical cost information, health care 
system practitioners can see the impacts on clinic visits and hospital stays. This 
may assist medical activity commanders to determine resource reallocations 
among their clinical and preventive medicine services. Information such as that in 
Table 9-3 can also allow preventive medicine personnel to assist commanders in 
determining what health promotion and preventive education measures are re- 
quired. As with medical costs, they can also use this information to evaluate the 
effectiveness of their programs, because a reduction in these output values is an 
indicator of success. 

As we discussed earlier, improvements to address specific hazards will provide 
more detailed information on hazard-specific medical outcomes. This should 
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provide more information about the impacts on specific hospital and clinic serv- 
ices, the types of injuries and illnesses occurring, and the hazards with the most 
potential for injury, lost time, and disability. 

While the current version of the model provides valuable information, it should be 
improved. We discuss future plans for the model in the next chapter. 
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Chapter 10 

Increasing the Model's Value 

The current model provides reasonable cost estimates by quantifying medical 
costs associated with unabated materiel system health hazards. Currently, 
USACHPPM's Health Hazard Assessment Office is testing an automated version 
of the cost model. We incorporated the model into its health hazard assessment 
database, and we developed a project officer module for USACHPPM personnel 
to use in performing health hazard assessments. 

In this chapter we describe two ways to increase the value of the model: expand- 
ing its use throughout all areas of preventive medicine, and refining the model 
itself. 

EXPANDING MODEL APPLICATION 

While we developed this model specifically for the USACHPPM health hazard 
assessment program, it has applications in all areas of preventive medicine. 

Other Preventive Medicine Programs 

The concept of using the model for other preventive medicine programs is feasi- 
ble. The health hazard assessment program is just one of 35 preventive medicine 
programs within USACHPPM. All of these programs focus on preventing disease 
and injury or promoting health. Disease and injury resulting from a health hazard 
triggers a series of possible outcomes: clinic visits, hospitalization, lost time, 
disability, and other consequences. These outcomes are no different from those 
used in our model. 

The other programs within USACHPPM could use this model to estimate medical 
costs for recommendations made to eliminate health hazards within their technical 
specialty areas. For example, USACHPPM can apply the model directly in the 
evaluation of industrial operation work sites where health hazards are present. 
Industrial hygienists currently apply a risk assessment code to operations they 
evaluate. Health physicists could use the model to evaluate health hazards 
associated with medical treatment facility operations. Entomologists, physicians, 
and epidemiologists could estimate medical costs associated with vector-borne 
disease. Environmental engineers could gauge medical costs as a result of expo- 
sure to health hazards associated with hazardous waste sites, air pollution sources, 
or contaminated drinking water. Community health nurses could use the model to 
assess medical costs associated with smoking or improper nutrition. These are 
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just of few examples of how US ACHPPM program managers could use the 
model. 

Using the model in other programs may require adjusting or adding some vari- 
ables and the individual component outputs. This would occur on a program-by- 
program basis. 

Component Outputs 

The Army could adopt the individual component outputs as performance met- 
rics—measures of effectiveness—for prevention programs. The bottom line for 
prevention programs is to reduce the costs of clinic visits, hospitalization, lost 
time, disability, rehabilitation, and death. To do so, prevention programs could 
use the following outputs of the model as performance measures: 

♦ Clinic visits 

♦ Persons injured or ill 

♦ Persons hospitalized 

♦ Hospital days 

♦ Persons losing time away from the job 

♦ Lost workdays 

♦ Persons disabled 

♦ Rehabilitation cases 

♦ Deaths. 

IMPROVING THE MODEL 

Improving the model would entail developing new cost components, better source 
data, and hazard-specific costs for making the component estimates. 

Incorporating New Components 

As previously discussed, we considered only medical costs for this version of the 
model. We did not address either the savings to the Army from preventing 
pollution to the environment or the cost involved with the actual implementation 
of the health hazard assessment recommendation. Adding cost components for 
pollution prevention and hazard abatement would improve the model's accuracy. 
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Increasing the Model's Value 

POLLUTION PREVENTION 

The Army could develop typical default pollution prevention costs associated with 
elimination or control of hazards based on the types of recommendations made. 
Then it could gradually modify those default costs as more accurate pollution 
prevention costs become available. Continuously modifying the default costs with 
current pollution prevention costs will incrementally increase the model's accu- 
racy. 

HAZARD ABATEMENT 

The Army could develop typical default hazard abatement costs associated with 
instituting various types of controls based on the categories of recommendations 
made. 

We have begun categorizing recommendations using selected methods for control 
of toxic chemical, physical, and biological hazards. These include elimination, 
substitution, isolation, enclosure, ventilation, process change, product change, 
housekeeping, dust suppression, maintenance, sanitation, work practices, educa- 
tion, labeling and warning systems, personal protective equipment, environmental 
monitoring, waste disposal practices, administrative control, medical control, and 
management programs. There should be no more than five or six combined 
categories. 

Improving Source Data 

Three improvements to the source data would increase the model's accuracy: 
updating the data regularly, using Army data, and refining estimates of death 
costs. 

UPDATING DATA 

Updating the source data as follows could improve the accuracy of the model: 

♦ Updating the incidence rates for hospitalization, lost time, and disability 
periodically (e.g., yearly) 

♦ Updating the population distribution factors for hospitalization, lost time, 
and disability periodically (e.g., yearly) 

♦ Updating the cost variables for clinic and hospitalization fees, salaries, and 
disability compensation benefits. 

USING ARMY DATA 

The use of additional actual Army data rather than health data for the U.S. popu- 
lation at large will improve the accuracy of the model's medical estimates. While 
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the source data we used were adequate for estimating component medical costs 
and were readily accessible, using Army data in the model would provide more 
accurate, Army-specific results. 

REFINING DEATH COMPONENT COSTS 

Death costs are an essential element of the estimated medical costs. The algo- 
rithm for estimating medical costs needs improvement. 

An improved equation would incorporate hazard severity and hazard exposure 
probability. Adapting the "injury triangle" ratios developed by the Armed Forces 
Epidemiological Board Injury Work Group [6] would help improve calculation of 
death component costs. 

Estimating Hazard-Specific Costs 

The estimation of hazard-specific medical costs would improve the model. 

For this initial version of the model, we decided to combine and average the data 
for the selected medical outcome (diagnostic) categories for all hazards. While 
this approach was more feasible for the study's time frame, averaging the data 
results in the loss of specific individual hazard cost estimates. 

The Army could develop the appropriate incidence, distribution, and cost factors 
based on each hazard and its medical outcome categories. Each of the following 
types of data, based on the specific health hazard and its expected medical out- 
comes, would be needed: 

♦ Incidence rates data for illness and injury, lost time, hospitalization, and 
disability 

♦ Population distribution data for lost time, hospitalization, and disability 

♦ Clinic visit costs by clinic service 

♦ Hospitalization costs 

♦ Disability costs. 

SUMMARY 

In this chapter we have identified how wider application and better data could 
increase the value of the model. In the next chapter we present our recommenda- 
tions for use of the model and its outputs, and we provide recommendations for 
improving the model. 
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Chapter 11 

Recommendations 

Based on our findings in developing and testing the model, we make recommen- 
dations in two general areas: applying the model to Army programs, and im- 
proving the accuracy of the model itself. 

APPLYING THE MODEL 

We make the following recommendations for applying the model to USACHPPM 
and other Army programs: 

♦ The USACHPPM Health Hazard Assessment Office should adopt the 
model to estimate medical costs for unabated health hazards and incorpo- 
rate these costs into its reports. 

The current model provides reasonable cost estimates by quantifying 
medical costs associated with unabated materiel system health hazard 
assessment intervention. 

♦ The USACHPPM Health Hazard Assessment Office should incorporate 
these costs into its health hazard assessment report recommendations. 

Quantifying health hazard costs improves the understanding of a stated 
health risk and assists system managers in making risk management deci- 
sions. 

♦ The Army materiel program managers should use the results of the model 
to prioritize and abate health hazards associated with their systems. 

Using the results of the model would increase the effectiveness of the risk 
assessment and management process. Quantifying health hazard costs 
improves the system manager's understanding of the monetary impact of 
not implementing health hazard assessment recommendations. The 
model's lost time component identifies personnel time away from the job, 
an output directly relating to unit readiness. 

♦ The Army preventive medicine community and the USACHPPM should 
adopt the model for use in all prevention-related programs, to determine 
the medical costs that are potentially avoided by individual mission pro- 
gram recommendations. 
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Exposure to the causes of disease and injury can trigger a series of possible 
events: clinic visits, hospitalization, lost time, disability, etc. These out- 
comes are the same as the ones used in this model. Using the model for 
other preventive medicine programs is feasible and highly advantageous. 

♦ The Army preventive medicine community and the USACHPPM program 
managers should incorporate the component outputs as measures of effec- 
tiveness for prevention programs. 

The bottom line for prevention programs is or should be to reduce the per- 
sonal, personnel and supply of health care costs of health hazards. These 
costs include death, disability, lost time, hospitalization, clinic visits, and 
rehabilitation. To assess the reduction in medical costs, prevention pro- 
grams can use the model component outputs as performance indicators. 

IMPROVING THE MODEL 

We make the following recommendations for improving the scope and accuracy 
of the model: 

♦ The USACHPPM should invest in incremental improvement of the model 
component variables, as described in this report. 

The model, while imperfect, is the first step toward estimating medical 
costs for unabated health hazards. It includes applicable costs and uses 
established databases internal and external to the Army. 

♦ The USACHPPM should invest in incorporating new model components 
for pollution prevention and health hazard abatement. 

We did not address either the savings to the Army from preventing pollu- 
tion to the environment or the cost involved with the actual implementa- 
tion of the health hazard assessment recommendation. Adding cost 
components for pollution prevention and hazard abatement would improve 
the model's accuracy. 

♦ The USACHPPM should invest in improving the source data used in the 
model. 

While the source data we used were adequate for estimating component 
medical costs, using additional actual Army data in the model would pro- 
vide more accurate results. 
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Recommendations 

♦   The USACHPPM should invest in developing appropriate variables to es- 
timate hazard-specific costs. 

The ability to estimate hazard-specific medical costs would improve the 
model. The Army should develop the appropriate variables (i.e., inci- 
dence, distribution, and cost factors) based on each hazard and its medical 
outcome categories. 
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Glossary 

Bde—death benefit and expenses. 

Bf—wage fringe benefit factor. 

Bp—active-duty permanent disability compensation per year. 

Br—VA rehabilitation benefit per person. 

Bt—active-duty temporary disability compensation per year. 

By—VA disability compensation per month per rate of disability. 

Cc—cost of clinic visits. 

Cde—cost of death. 

Cdi—cost of disabilities. 

Ch—cost of hospitalization. 

Ci—cost of lost time. 

clinic costs component—component of the model that estimates costs attributed to 
outpatient visits to the medical clinic or medical treatment facility by persons 
exposed to a hazard that resulted in illness or injury. 

clinic costs component output—outputs that can be estimated other than costs. The 
specific outputs are the number of clinic visits and the number of persons who are 
injured or ill. 

common variables—specific variables used in the estimate of costs in five of the six 
model components: clinic, hospitalization, lost time, disability, and rehabilitation. 
The specific variables are the number of persons exposed (Ne) and the hazard 
severity factor (Sk). 

component-unique variables—specific variables that are unique to each model 
component and are used to determine component costs. They include incidence 
and distribution rates for lost time, hospitalization, disability, etc. 

cost avoidance—medical costs not incurred because of health hazard intervention 
and prevention activities. 

Cr—cost of rehabilitation. 
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DM—factor for average number of days in hospital per person based on historical 
hospital stay distribution. 

Dho—factor for hospitalization population distribution for average number of days in 
hospital. 

disability costs component—component of the model that estimates costs attributed 
to active-duty temporary and permanent disability compensation, and VA disabil- 
ity compensation, for persons exposed to a hazard that resulted in illness or injury. 

disability costs component output—outputs that can be estimated other than costs. 
The specific output is the number of persons who are disabled. 

Du—number of lost workdays per person based on historical lost workday distribu- 
tion. 

Du—lost time population distribution based on average lost workday distribution. 

Dr—eligible VA disability population based on rate of disability distribution equal to 
or greater than 20 percent. 

Dv—VA disability population factor based on historical rate of disability distribution. 

Fc—average fee per clinic visit. 

Fh—average fee per hospital day. 

hazard costs per year—costs of hazard per year based on hospitalization, lost time, 
disability, rehabilitation, and death costs. 

hazard probability—the likelihood that a hazard will occur. It reflects the duration 
of exposure and the number of exposed personnel. There are five categories for 
hazard probability, designated A through E: 

♦ A, frequent—likely to occur habitually for a specific individual item; will 
occur continuously for a fleet or inventory. 

♦ B, probable—will occur several times in the life of a specific individual 
item; will occur frequently for a fleet or inventory. 

♦ C, occasional—likely to occur sometime in the life of a specific individual 
item; will occur several times for a fleet or inventory. 

♦ D, remote—unlikely but possible to occur sometime in the life of a spe- 
cific individual item; unlikely but can reasonably be expected to occur for 
a fleet or inventory. 
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Glossary 

♦ E, improbable—so unlikely it can be assumed an occurrence may not be 
experienced in the life of a specific individual item; unlikely to occur but 
possible for a fleet or inventory. 

hazard severity—an assessment of the potential consequence. It is used to address 
degree of bodily injury, illness, performance degradation, or bodily system dam- 
age that could occur. It reflects the magnitude of exposure to a hazard and the 
medical effects of the exposure. It is assessed prior to the implementation of 
recommendations to eliminate or minimize the hazard. There are four health 
hazard categories, designated I through IV: 

♦ I, catastrophic—hazard may cause death or total loss of a bodily system. 

♦ II, critical—hazard may cause severe bodily injury, severe occupational 
illness, or major damage to a bodily system. 

♦ III, marginal—hazard may cause minor bodily injury, minor occupational 
illness, or minor damage to a bodily system. 

♦ IV, negligible—hazard would cause less than minor bodily injury, minor 
occupational illness, or minor bodily system damage. 

health hazard—an existing or likely condition, inherent to the operation or use of 
materiel, that can cause death, injury, acute or chronic illness, disability, or re- 
duced job performance of personnel by exposure to acoustical energy, biological 
substances, chemical substances, oxygen deficiency, radiation energy, shock, 
temperature extremes, trauma, and vibration. 

health hazard assessment—the application of biomedical knowledge and principles 
to document and quantitatively determine the health hazards of systems. This 
assessment identifies, evaluates, and recommends solutions to control the risks to 
the health and effectiveness of personnel who test, use, or service Army materiel 
systems. It includes the evaluation of hazard severity, hazard probability, risk 
assessment, and operational constraints; the identification of required precautions 
and protective devices; and the identification of training requirements. 

health risk—combines the probability of exposure to a hazard and the severity of the 
potential consequences. 

HHA—health hazard assessment. 

hospitalization costs component—component of the model that estimates costs 
attributed to inpatient hospital stays by persons exposed to a hazard that resulted 
in illness or injury. 
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hospitalization costs component output—outputs that can be estimated other than 
costs. The specific outputs are the number of persons who are hospitalized and 
the number of hospital days. 

HP—hazard probability. 

HS—hazard severity. 

ICD—International Classification of Diseases. 

Ih—incidence of hospitalization based on the determined risk level for the individual 
item of materiel. 

/,—incidence of injury or illness based on the determined risk level for the individual 
item of materiel. 

//—incidence of lost time based on the determined risk level for the individual item of 
materiel. 

incidence rates—rate of injury or illness in a group over a period of time. 

Ip—incidence of active-duty permanent disability. 

It—incidence of active-duty temporary disability. 

Iv—incidence of VA disability based on the determined risk level for the individual 
item of materiel. 

lost time costs component—component of the model that estimates costs attributed 
to time away from the job by persons exposed to a hazard that resulted in illness 
or injury. 

lost time costs component output—outputs that can be estimated other than costs. 
The specific outputs are the number of persons losing time away from the job and 
the number of lost workdays. 

manpower and personnel integration—the process of integrating the full range of 
manpower, personnel training, human engineering, health hazard, system safety, 
and soldier survivability to improve individual performance and total system 
performance throughout the entire system development and acquisition process. 

MANPRINT—manpower and personnel integration. 

materiel—all items necessary to equip, operate, maintain, and support military 
activities, including ships, tanks, self-propelled weapons, aircraft, and related 
spares, repair parts, and support equipment, but excluding real property, installa- 
tions, and utilities. 
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Nc—number of visits by injured or ill personnel based on the determined hazard 
severity category. 

Nde—number of deaths per year. 

Ne—total number of persons per year exposed for the materiel systems or items. 

Nh—total number of hospital days. 

N,—number of persons injured or ill. 

Ni—total number of lost workdays. 

Npd—total number of persons disabled. 

Nph—number of persons hospitalized. 

Npi—total number of persons losing time. 

NpS—number of persons per system (i.e., crew size for system or item). 

Ns—number of systems (i.e., the total number of individual items of materiel systems 
in Army inventory). 

Nv—total number of clinic visits as a result of exposure to a health hazard. 

Pe—probability of exposure per year, based on the determined hazard probability 
category. 

Qr—VA rehabilitation qualification factor. 

RAC—risk assessment code. 

rehabilitation costs component—component of the model that estimates costs 
attributed to rehabilitation benefits received by eligible persons drawing VA 
disability compensation who were exposed to a hazard that resulted in illness or 
injury. 

rehabilitation costs component output—outputs that can be estimated other than 
costs. The specific output is the number of rehabilitation cases. 

SIC—standard industrial classification. 

Sk—hazard severity factor based on the determined hazard severity category. 

total medical costs—the sum of each cost component (clinic, hospitalization, lost 
time, disability, rehabilitation, and death). 
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Tv—VA disability adjustment factor for delayed disability. 

USACHPPM—U.S. Army Center for Health Promotion and Preventive Medicine. 

VA—U.S. Department of Veterans Affairs. 

Ve—visit constant as a result of exposure to a health hazard. 

Wa—average wage per day. 
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